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Abstract 
A multilevel fuzzy synthetic evaluation model to evaluate the railway service quality is proposed based on the fuzzy theory. An
evaluation indicator system with three grades evaluation indicators is established, and their weights are determined on the basis
of opinions expressed by interviewed passengers. Railway service quality is evaluated by the value of a comprehensive 
satisfaction degree. The method can provide not only for the passengers’ overall satisfaction degree on the railway service quality, 
but also the passengers’ satisfaction degree on some primary evaluation indicators. According to the evaluation results, we found 
interesting differences of perception of the service among the users. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Passengers’ satisfaction degree on railway service quality will produce an effect on whether the passengers will 
travel by train and the frequency of the passengers’ travelling by train. The more the passengers feel satisfied on the 
railway service quality, the more the probability that the passengers will travel by train is. The railway operators pay 
more attention to enhance their service quality. It is very useful to evaluate the railway service quality and to 
enhance the level of service. 
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Recently, some scholars have focused on the scope, contents, indicator system and the evaluation method of 
transit service quality, and have made some progress. Ieda et al. [4] analysed the prerequisite conditions and policy 
of the impact of the quality of rail services. Liu [8] defined the synthetic evaluation indicators of the passenger 
transport service. Nathanail [9] gives a framework to assist railway operators in monitoring and controlling railway 
service quality. Xuan [10] established the evaluation indicator system of the quality of passenger transport service 
and constructed the evaluation model considering the differences of the design and technology quality. SEM was 
proposed also by Eboli and Mazzulla [3] for analysing passengers’ perceptions about railway services and 
identifying key service factors. Cascetta and Cartenì [1] proposed a quantitative analysis of the impact of stations 
quality on travellers behaviour. de Oña et al. [2,3] analysed key factors affecting rail service quality by proposing a 
methodology based on a classification and regression tree (CART) approach. 
The evaluation of railway service quality includes multiple evaluation indicators, among which there are some 
subordination relations. So this paper evaluate the railway service quality with the theory of matter elements and 
extension method, and the multi-level extensible synthetic evaluation model of the railway service quality [7].
The paper is structured as follows. Firstly, the evaluation indicator system is established, which is composed of 7 
primary indicators and 26 senior indicators. Then, we introduce the model by describing the evaluation grade, the 
weights, the satisfaction degree vector, and finally the synthetic evaluation. The fourth section is about example 
analysis: we introduce the survey and the model results. Lastly, we propose a brief conclusive discussion of the work. 
2. Evaluation indicator 
When selecting the indicators to evaluate railway service quality, we should take the characteristics of the 
passenger transportation, the demand of the passengers and the capacity of the railway transportation enterprise. 
Based on the definition of transit service quality, there are some main evaluation indicators in the model to describe 
railway service quality, which are as follows: 
2.1. Safety 
To ensure safety is the essential task for the passenger transport enterprise, and passengers often select the 
transport enterprise which is more safety in their mind according to their experience. It includes safety on the 
journey, personal safety on the train, and personal safety in the station. 
2.2. Cleanliness 
All passengers will choose the transit mode which is clean. Cleanliness of the carriage, cleanliness and general 
conditions of the seats, cleanliness of the toilets, cleanliness in the stations, and station maintenance and decorum 
are used to describe cleanliness. 
2.3. Comfort 
Comfort mainly refers to that the integrated feeling about the railway service in the course of the journey, and 
passengers have put forward higher and higher requirements on the comfort of their journey. Overcrowding, 
comfortable temperature on board and windows and doors working on board are used to describe comfort. 
2.4. Service 
Transportation should provide more excellent service to the passengers. Ticket price in relation to the service 
offered, timetable, train punctuality, regular train schedule, price integration with other public transport and 
distribution of stations in the region are used to describe service. 
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2.5. Other 
Other refers to the service before and after the passenger’ journey by train. Parking in the station of departure, 
bike on board and accessibility for disabled are used to describe “Other”. 
2.6. Information 
Information is very useful for passengers. Clear and fast information in the stations, clear and fast information on 
board, easy communication with train and information on other types of transports are used to describe information. 
2.7. Personnel 
Courtesy and competence of the travel personnel, frequency and precision controlling the tickets and courtesy 
and competence of the station personnel are used to describe personnel. 
According to the above analysis, we can construct the evaluation indicator system, in which railway service 
quality is the overall evaluation indicator, safety, cleanliness, comfort, service, other, information and personnel are 
the 7 primary evaluation indicators and the 26 senior indicators are represented in table 2. 
3. Model 
The evaluation of railway service quality includes multiple evaluation indicators which are attached to different 
hierarchies, among which there are some subordination relations. The overall indicator and the 7 primary indicators 
are indirect service attributes that passengers can score only with a general feeling, while the 26 senior indicators are 
direct service attributes passengers can score according to their concrete feeling. At the same time the different 
evaluation indicators play different roles when evaluating railway service quality. For this reason we propose an 
evaluation of railway service quality with the fuzzy theory.
3.1. Evaluation grade 
Based on the requirements of the evaluation, this paper sets up the evaluation grade for all the evaluation 
indicators, which is denoted as lkNN k ,,2,1),( "  , l  represents the quantities of the evaluation grade. This 
paper uses the 3-level remark collective [10], which is [very satisfied, basic satisfied, very unsatisfied].
3.2. Weight 
The indicator weights are determined according to the passengers’ opinion. We get the weight score by 
questionnaire addressed to a sample of passengers. The passengers are requested to score the importance of all the 
indicators, whose score range is from 1 to 10, and the more the numerical, the more indicator importance degree. 
In order to make it understandable, all the variables with the superscripts of 0 refer to the primary evaluation 
indicators, and are denoted as the 0 kind of indicators, and all the variables with the superscripts of 1 refer to the 
senior evaluation indicators which are relevant to the indicator of safety, and are denoted as the first kind of 
indicators, and all the variables with the superscripts of 2 refer to the senior evaluation indicators which are relevant 
to the indicator of cleanliness, and are denoted as second kind of indicators, and so on. Let dic  denote the i
evaluation indicator which is one of the d  kind of evaluation indicator. The j ),,2,1( uNj "  passenger’s score 
for the importance degree of the indicator dic  is denoted as 
d
jiz , and the weight of the indicator 
d
ic  is denoted 
as diw , and uN is the quantities of the useful questionnaires, and the weight of the senior indicators can be 
calculated as: 
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3.3. Evaluation matrix 
Evaluation matrix is composed of the satisfaction degree of the same kind evaluation indicator. There are 7 
evaluation matrixes for 26 senior evaluation indicators, 1 evaluation matrixes for 7 primary evaluation indicators, 
and 1 evaluation vector for the overall evaluation indicator. Let dE  denote the evaluation matrix of the d kind 
evaluation indicators for the 26 senior evaluation indicator: 
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where, d  is the classification of the evaluation indicators, dn  is the quantities of the d  kind of evaluation 
indicators, and 
d
ike  denotes the percentage of the passengers’ quantities of all the interviewed passengers who 
think that the 
d
ic  evaluation indicator deserve the k evaluation grade. 
Let 0E  denote the evaluation matrix of the 7 primary evaluation indicators: 
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3.4. Synthetic evaluation 
We can evaluate the passengers’ satisfaction degree on the overall evaluation indicator and 7 primary evaluation 
indicators by comparing l values of 0ike  of the evaluation indicator 
d
ic . The more the evaluation value is the 
more the adaptability between the evaluation indicator and the evaluation grade To put that: 
    7,,2,1,max 00 "  ieh ikik
where, 
0
ikh  denotes the maximum value among l values of 
0
ike . We can conclude that the passengers’ 
evaluation on the service attribute 7,,2,1,0 "  ici  is the k evaluation grade. To put that: 
    kk eh max 
where, kh  denotes the maximum value among l values of ke . We can conclude that the passengers’ evaluation 
on the overall evaluation indicator is the k evaluation grade. 
4. Example analysis 
4.1. Survey 
We collected data concerning railway service quality trough a survey addressed to the passengers of railway 
services offered in the North of Italy. Interviewed passengers travelled by different types of trains including 10 
suburban lines mainly connecting different towns of the hinterland of the city of Milan. Face-to-face interviews 
were realized in the period from 21st May to 1st June 2014. Passengers were prevalently interviewed on board 
during their journey, and elected sample of 1480 people was considered to analyse the investigated services. 
The questionnaire was designed to get the passengers’ evaluation on the railway service quality which was 
composed of two main sections. The first section includes general information (e.g. time period of the interview, 
train, line, station); socio-economic characteristics (e.g. gender, age, qualification, professional condition, income); 
travel habits (e.g. reason, frequency, ticket, transport modes connecting with the train stations). The second section 
collects information about the satisfaction and importance degree for all the 26 senior indicators. The score for each 
service attribute is determined with a scale from 1 to 10, and the more the value is, the more the passenger’s 
satisfaction degree is. If one passenger feels very satisfied with one kind of service attribute, he can score the 
indicator 8, 9 or 10; and if the passenger feels basic satisfied with one kind of service attribute, he can score 
corresponding indicator 5, 6 or 7; and if the passenger feels very unsatisfied with one kind of service attribute, he 
can score corresponding indicator 1, 2, 3 or 4. Analogously, if passenger retains one kind of service as very 
important, he can score corresponding indicator from 8 to 10; if he considers one kind of service as basic important, 
he can score corresponding indicator from 5 to 7; finally, if he retains one kind of service as very unimportant, he 
can score corresponding indicator from 1 to 4. 
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Almost 87% of users were interviewed in a weekday. Almost half of the passengers were interviewed in the off-
peak hours (46%), about 18% in the afternoon peak-hours, almost 15% in the morning peak-hours, and about 13% 
in the evening peak hours. About 31% of the samples are commuter workers, 27% are students, and the remaining 
41% belongs to other categories of people (table 1). 
Table 1. Characteristics and evaluation values. 
Characteristics Statistics(%) 
Evaluation values 
VUS BS VS 
Day
Weekday 87.35 0.3595 0.4940 0.1465 
Saturday 6.39 0.2788 0.5793 0.1419 
Sunday 6.26 0.2707 0.5820 0.1474 
Time 
7:01-9:00 14.57 0.3414 0.5263 0.1323 
11:01-13:00 18.10 0.3420 0.5105 0.1475 
17:01-19:00 13.12 0.3883 0.4863 0.1254 
Other 54.21 0.3430 0.5036 0.1534 
Professional 
condition
Worker 31.58 0.3809 0.4935 0.1256 
Student 27.30 0.3801 0.4760 0.1439 
Other 41.12 0.2911 0.5403 0.1686 
Age
16-25 45.48 0.3486 0.4902 0.1612 
26-40 30.19 0.3224 0.5240 0.1536 
41-65 20.70 0.3524 0.5059 0.1417 
>65 years 2.40 0.3762 0.4670 0.1567 
Unknown 1.23 0.2087 0.5936 0.1977 
       VUS (Very Unsatisfied), BS (Basic Satisfied), VS (Very Satisfied) 
By observing the frequencies of the scores expressed by the passengers of the whole sample (table 2), we can 
conclude that for all the senior indicators most of the scores are in the central range of values (from 5 to 8), except 
for cleanliness of the toilets, ticket price in relation to the service offered and train punctuality, which are prevalently 
judged as very unsatisfactory (from 1 to 4). Among the senior indicators which most of passengers judge basic 
satisfied, there are more very unsatisfied passengers them than very satisfied ones, except for safety on the journey 
and courtesy and competence of the travelling personnel. 38.65% of the passengers judge the indicator “safety on 
the journey” as very satisfied. 
4.2. Model result 
4.2.1 Synthetic evaluation of all the samples 
According to the steps above described, we can get the evaluation matrix and the evaluation vector: 
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According to the evaluation criteria, we can know 5009.022   eh , which shows that the passengers are basic 
satisfied with railway service quality. Being 31 ee ! , we can conclude that the number of the passengers who feel 
very unsatisfied with service quality of all the selected suburban lines is more than the number of passengers who 
feel very satisfied. Passengers are basic satisfied also for the 7 primary evaluation indicators, but there are more 
passengers who feel very satisfied with “safety” than those who feel very unsatisfied with the service attribute. 
Table 2. Weight and evaluation values of all the samples 
Primary indicator Senior indicator 
Indicator Weight Indicator Weight VUS BS VS 
Safety 0.1216 
Safety on the journey 0.3322 0.1155 0.4980 0.3865 
Personal safety on the train 0.3336 0.2351 0.5358 0.2291 
Personal safety in the station 0.3342 0.2622 0.5324 0.2054 
Cleanliness 0.1925 
Cleanliness of the carriage 0.2027 0.4121 0.4865 0.1014 
Cleanliness and general conditions of 
the seats 
0.2045 0.4223 0.4851 0.0926 
Cleanliness of the toilets 0.2041 0.5216 0.4122 0.0662 
Cleanliness in the stations 0.1955 0.3824 0.5230 0.0946 
Station maintenance and decorum 0.1932 0.3541 0.5466 0.0993 
Comfort 0.1141 
Overcrowding 0.3329 0.4216 0.4831 0.0953 
Comfortable temperature on board 0.3348 0.4169 0.4662 0.1169 
Windows and doors working on board 0.3323 0.3466 0.5081 0.1453 
Service 0.2004 
Ticket price in relation to the service 
offered 
0.1976 0.4493 0.4486 0.1021 
Timetable 0.2004 0.2946 0.5054 0.2000 
Train punctuality 0.2049 0.4858 0.4297 0.0845 
Regular train schedule 0.2029 0.3966 0.4791 0.1243 
Price integration with other public 
transport
0.1943 0.2669 0.5628 0.1703 
Other 0.1092 
Parking in the station of departure 0.3288 0.3209 0.5095 0.1696 
Bike on board 0.3065 0.2493 0.5851 0.1656 
Accessibility for disabled 0.3647 0.3568 0.5088 0.1344 
Information 0.1512 
Clear and fast info in the stations 0.2540 0.3770 0.5088 0.1142 
Clear and fast information on board 0.2543 0.4101 0.4858 0.1041 
Easy communication with train 0.2470 0.4257 0.4791 0.0952 
Information on other types of 
transports
0.2447 0.3926 0.5209 0.0865 
Personnel 0.1109 
Courtesy and competence of the 
travelling personnel 
0.3381 0.2027 0.5770 0.2203 
Frequency and precision controlling 
the tickets 
0.3240 0.2973 0.5311 0.1716 
Courtesy and competence of the 
station personnel 
0.3379 0.2250 0.5595 0.2155 
         VUS (Very Unsatisfied), BS (Basic Satisfied), VS (Very Satisfied) 
4.2.2 Synthetic evaluation and passengers’ characteristics 
Table 1 reports the synthetic evaluation values for the whole sample travelling by suburban lines, by considering 
the sample characteristics. 
By dividing samples according to the travel and socio-economic characteristics, we can observe that all the 
different groups of passengers are basic satisfied with the service. Passengers travelling on a weekday are more 
unsatisfied with respect to passengers travelling on Saturday and Sunday. The time when the passengers are most 
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unsatisfied with railway service is “17:01-19:00”. The workers are the categories of passengers mostly unsatisfied 
with the service. 
4.2.3 Synthetic evaluation and different types of passengers 
Several specific analysis were taken for the different types of passengers, in order to compare the passengers’ 
satisfaction degree among different types of passengers. The synthetic evaluation values for the overall evaluation 
indicators are shown in table 1, and the synthetic evaluation values for the 7 primary evaluation indicators of 
different types of passengers are respectively shown in table 3, table 4 and table 5. 
By comparing the evaluation values for the passengers whose travel day are respectively “Weekday”, “Saturday” 
or “Sunday”, we can observe that the 3 types of passengers feel basic satisfied with the 7 service attributes (table 3). 
All the 3 types of passengers feel unsatisfied mostly with cleanliness, especially the passengers who travelled on 
weekday; from this results, railway operators should improve the cleanliness service attribute, especially when the 
train is very crowded. 
Table 3. The indicator system and evaluation values by kind of day 
Indicator 
Weekday Saturday Sunday
VUS BS VS VUS BS VS VUS BS VS 
Safety 0.2102 0.5231 0.2667 0.1832 0.5016 0.3152 0.1508 0.5342 0.3150 
Cleanliness 0.4310 0.4765 0.0925 0.3461 0.5833 0.0706 0.3506 0.5591 0.0903 
Comfort 0.4066 0.4730 0.1204 0.3305 0.5603 0.1092 0.3308 0.5550 0.1142 
Service 0.3933 0.4682 0.1385 0.2691 0.6083 0.1226 0.2609 0.6234 0.1157 
Other 0.3222 0.5243 0.1535 0.2680 0.5523 0.1797 0.2593 0.5871 0.1536 
Information 0.4173 0.4805 0.1022 0.3162 0.6103 0.0735 0.2847 0.6102 0.1051 
Personnel 0.2473 0.5495 0.2032 0.1938 0.6082 0.1980 0.2105 0.5851 0.2044 
         VUS (Very Unsatisfied), BS (Basic Satisfied), VS (Very Satisfied) 
By comparing the evaluation values for the passengers whose travel time are respectively “7:01-9:00”, “11:01-
13:00”, “17:01-19:00” and “other” we can observe that the 4 types of passengers feel basic satisfied with the 7 
service attributes (table 4). Passengers who travel by train at 7:01-9:00 and at 17:01-19:00 feel mostly unsatisfied 
with information, while passengers who travel by train at 11:01-13:00 and at other time periods feel mostly 
unsatisfied with cleanliness. We can conclude that railway operators should give more useful information at the 
commuter peak-hours. 
Table 4. The indicator system and evaluation values by kind of time slot 
Indicator
7:01-9:00 11:01-13:00 17:01-19:00 Other 
VUS BS VS VUS BS VS VUS BS VS VUS BS VS 
Safety 0.1720 0.5417 0.2863 0.1882 0.5381 0.2737 0.2791 0.4822 0.2387 0.2021 0.5224 0.2755 
Cleanliness 0.3897 0.5469 0.0634 0.4151 0.5013 0.0837 0.4302 0.4915 0.0783 0.4221 0.4762 0.1017 
Comfort 0.4027 0.4723 0.1250 0.3776 0.4897 0.1327 0.4231 0.4906 0.0863 0.3922 0.4866 0.1212 
Service 0.3698 0.5130 0.1172 0.3802 0.4856 0.1342 0.4347 0.4519 0.1134 0.3688 0.4854 0.1458 
Other 0.2932 0.5548 0.1520 0.3409 0.5011 0.1580 0.3726 0.4856 0.1418 0.3013 0.5406 0.1581 
Information 0.4363 0.4855 0.0782 0.3844 0.5075 0.1081 0.4430 0.4856 0.0714 0.3896 0.5005 0.1099 
Personnel 0.2493 0.5800 0.1707 0.2225 0.5757 0.2018 0.2562 0.5403 0.2035 0.2409 0.5488 0.2103 
 VUS (Very Unsatisfied), BS (Basic Satisfied), VS (Very Satisfied) 
By comparing the evaluation values for the passengers whose professional condition are respectively “worker”, 
“student” and “other” we can see that the 3 types of passengers feel basic satisfied with the 7 service attributes (table 
5). The passengers who are workers feel mostly unsatisfied with information, but other passengers feel mostly 
unsatisfied with cleanliness. We can conclude that the passengers pay more attention on cleanliness. 
By comparing the results obtained for the different kinds of passengers, we can surely conclude that habitual 
users, who are the passengers travelling on weekdays, during the peak hours, who travel to reach the place of work, 
give more importance to service aspects directly linked to their trips, such as information; on the contrary, 
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occasional users, who travel on holidays, out of the peak hours and for reasons different from work or study, are 
more sensitive to more personal aspects such as cleanliness. 
Table 5. The indicator system and evaluation values by kind of user 
Indicator
Worker Student Other 
VUS BS VS VUS BS VS VUS BS VS 
Safety 0.2034 0.5320 0.2646 0.2429 0.4727 0.2844 0.1751 0.5493 0.2756 
Cleanliness 0.4489 0.4808 0.0703 0.4555 0.4595 0.0850 0.3665 0.5181 0.1154 
Comfort 0.4438 0.4611 0.0951 0.4413 0.4459 0.1128 0.3153 0.5366 0.1481 
Service 0.3975 0.4845 0.1180 0.4248 0.4575 0.1177 0.3189 0.5163 0.1648 
Other 0.3311 0.5276 0.1413 0.3326 0.5093 0.1581 0.2793 0.5521 0.1686 
Information 0.4784 0.4518 0.0698 0.4253 0.4649 0.1098 0.3062 0.5683 0.1255 
Personnel 0.2790 0.5458 0.1752 0.2389 0.5581 0.2030 0.2029 0.5657 0.2314 
         VUS (Very Unsatisfied), BS (Basic Satisfied), VS (Very Satisfied) 
5. Conclusions 
Railway service quality is a very significant element for the travel effect, and how to evaluate it is a difficult 
problem. This paper established multi-level fuzzy synthetic evaluation to evaluate railway service quality. The 
methodology was applied to experimental data collected through a survey addressed to a sample of railway 
passengers who evaluated the used services. The results of the application show that the proposed model has good 
practicability and manoeuvrability. The evaluation values can not only fully reflect the passengers’ synthetic 
satisfaction degree on the overall railway service quality but also that of the 7 primary evaluation indicators. 
We obtained interesting results which become very useful practical suggestions for improving the services. The 
results of the analyses differentiated by kind of day, or kind of time slot, or travel purpose, conducted to the finding 
of two different perceptions of the service: the perceptions of the habitual and occasional users. We found that 
habitual users, who are prevalently workers travelling on weekdays during the peak hours are more sensitive to 
service factors regarding information, which is a fundamental aspect for habitual passengers who travel for 
important purposes such as work, and need clear and fast information in the stations and on board. On the other hand, 
the occasional users travelling mostly on holidays or out of the peak hours and for reasons different from work or 
study, give more importance to cleanliness, which is an aspect that is reasonably more perceived by people who 
don’t travel every day by public transport. 
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